The contribution presents results of the numerical simulation of 2D compressible flow through the tip-section turbine blade cascade with a flat profile and the supersonic inlet. The simulation was carried out by the OpenFOAM code using the Favre-averaged NavierStokes equations completed by the two-equation SST turbulence model and the -Re  bypass transition model. Predictions carried out for nominal conditions were focused particularly on the relation between the inlet flow angle and the inlet Mach number. Further, the effect of the shock-wave/boundary layer interaction on the skin friction coefficient was investigated. Numerical results were compared with experimental data.
Introduction
The compressible flow through the tip-section blade cascades of the last stage of steam turbines is mainly supersonic due to the high circumferential velocity. Therefore the flow structure in the blade cascade is substantially influenced by the shock-wave/boundary-layer interaction, partly by the interaction of the inner branch of the outlet shock wave with the boundary layer on the suction side of the neighbouring blade and partly by the interaction of the inlet shock wave upstream the blade leading edge with boundary layer on pressure side of previous blade, see Luxa et al. [1] . This interaction usually leads to the laminar/turbulent transition that influences the flow structure in the blade channel and so energy losses.
An attention is paid to the sensitivity of the flow field on the incidence angle and the inlet turbulence intensity. Due to the supersonic inlet a binding between the inlet flow angle and the inlet Mach number exists, so called the unique incidence rule, see Shibata et al. [2] and/or Šimurda et al. [3] . The given blade configuration results in a relatively complicated flow structure changes in the blade cascade at a small change of inlet flow conditions.
The contribution deals with the numerical simulation of the compressible flow through the linear blade cascade TR-U-8 representing one of variants of the tip-section of the rotor blade cascade and it is a follow up to simulations made by Luxa et al. [4] and Straka et al. [5] . Simulations were carried out by the OpenFOAM code using the Favre-averaged Navier-Stokes equations completed by the two-equation SST turbulence model and the -Re  bypass transition model. Predictions accomplished for the nominal conditions were focused particularly on the relation between the inlet flow angle and the inlet Mach number and the effect of the shock-wave/boundary layer interaction on the transition to turbulent flow.
Mathematical model
The mathematical model of compressible flow is formed by the Favre-averaged Navier-Stokes equations completed by the constitutional relations for the ideal gas and the turbulence model with the bypass transition model. The turbulent heat transfer is modelled by the simple assumption of the constant turbulent Prandtl number. The correlation-based -Re  model of the bypass transition of Langtry and
Menter [6] completed by the two-equation SST turbulence model (see Menter [7] ) was used for the flow simulation.
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The transition model is based on transport equations for the intermittency coefficient and the transitional momentum Reynolds number. The intermittency coefficient  is given by the transport
where
is the production term with empirical correlations F onset for the transition onset and F length for the transition length. The destruction term E  allowing the relaminarization of the boundary layer is given by the relation
where S = (2S ij S ij ) 1/2 is the strain rate magnitude and  = (2 ij  ij ) 1/2 is the vorticity magnitude. The application of local variables is allowed by the relation between the Reynolds number related to the momentum thickness and the maximum of the vorticity Reynolds number used in the form Re  = Re max /2.193 valid for the Blasius boundary layer. The empirical correlation for the transition onset F onset depends on the critical Reynolds number Re c giving the position where the turbulent energy begins to grow up, see Langtry [8] . This Reynolds number Re c is expressed by means of the local Reynolds number  t Re  for the transition onset determined from the transport equation
The onset and length of the transition region, i. 
with the dumping function
The effective value of the intermittency coefficient is given by the relation
The transition model is based on local variables only and can be used for the simulation of complex flows using unstructured computational grids. The -Re  model with all necessary empirical correlations was published by Langtry and Menter [6] . The SST turbulence model according to Menter [7] used in the connection with the transition model is given by transport equations for the turbulent energy k and the specific dissipation rate  in the form
where P k and D k are the production and destruction terms from the turbulent kinetic energy equation in the original SST turbulence model. The effective intermittency coefficient  eff is given by eq. (7).
Simulations were performed by using open-source software package OpenFOAM [9] . Numerical results were obtained by LU-SGS solver for turbulent compressible flows developed by Fürst [10] with the first order implicit scheme in time, second order linear upwind scheme for convection and second order linear scheme for viscous fluxes. [11] ). It is apparent from the interferometric picture and from the distribution of the isentropic Mach number on the blade that the flow in the inter-blade channel is supersonic with the exception of an area near the leading edge. The interaction of the inner branch of the inlet shock wave with the boundary layer downstream of the leading edge on the pressure side results in the laminar/turbulent transition in the attached flow. The flow structure is influenced particularly by the interaction of the inner branch of the exit shock wave of the neighbouring blade with the boundary layer on the suction side of the blade at the distance x/b  0.5 where the flow separation with the transition to turbulence occurs. The flow around the blade is further influenced on the suction side by the sudden change of the surface curvature, i.e. the junction of the curved inlet part with the connecting straight part as can be seen in Fig. 4 . The field of Mach number isolines is shown in Fig. 7 .
Numerical results correspond to experimental data acceptably with the exception of the zone of the shock-wave/ boundary-layer interaction with the transition in separated flow. The character of the interaction is non-stationary and so the steady numerical solution cannot fully give a true picture of flow structure. 
Conclusion
The two-equation SST turbulence model with the -Re  bypass transition model was used for the simulation of supersonic flow through the turbine blade cascade TR-U-8 corresponding to the tip-section of the rotor blade cascade. Predictions carried out for the nominal conditions were concentrated on the adjustment of corresponding inlet conditions i.e. the inlet Mach number and the inlet flow angle upstream of the plane of leading edges due to supersonic inlet. Further the attention was given particularly to the numerical simulation of the shock-wave/boundary-layer interaction which in case of the laminar boundary layer usually leads to flow separation followed by the transition in separated flow. Therefore the effect of the shock-wave/boundary layer interaction on the skin friction coefficient was studied.
Numerical results correspond to experimental data acceptably with the exception of the zone of the shockwave/boundary-layer interaction on the blade suction side with the transition in separated flow because of the nonstationary character of the interaction.
